
















































































































































Visean	 age.	 The	 outcrop	 samples	 were	 collected	 from	 the	 Hoelbreen	 and	 Birger	
Johnsonfjellet	Members	in	the	Birger	Johnsonfjellet	section	on	Spitsbergen,	Svalbard.	The	
main	aim	of	this	study	was	to	test	two	different	methods	for	palynofacies	analysis	using	
the	 scheme	after	Bujak	et	 al.	 (1977):	 point	 counting	 and	a	 relative	 area	measurement	
method	using	 the	 free	 image	analysis	 software	 ImageJ.	A	 secondary	minor	aim	was	 to	
evaluate	the	hydrocarbon	source	rock	potential	of	the	organic	matter	from	the	studied	






analysed	 using	 both	methods,	 and	 a	 total	 of	 1789	 frames	 and	 16	 266	 particles	 were	
counted,	and	their	area	measured.	Fluorescence	analysis	was	also	conducted	in	order	to	
clarify	 the	 presence	 of	 Botryococcus.	 The	 kerogen	 groups	 hylogen	 and	 pseudoAOM	
dominates	the	samples,	with	an	increased	amount	of	phyrogen	recorded	towards	the	top	
of	the	studied	succession.	The	kerogen	groups	melanogen	and	Amorphous	Organic	Matter	
(AOM)	 were	 both	 poorly	 represented	 in	 these	 samples	 which	 all	 were	 terrestrially	
derived.	An	 increasing	 amount	 of	Botryococcus	was	observed	 in	 the	upper	part	 of	 the	
succession	in	the	Birger	Johnsonfjellet	Member.	This	is	also	observed	in	previous	studies	
of	this	formation.The	average	result	based	on	the	29	slides	studied	herein	did	not	reveal	
any	 significant	 difference	 between	 the	 two	 tested	methods,	 however,	 analysis	 of	 each	
individual	kerogen	group	revealed	important	differences:	this	included	variations	within	
the	 individual	 kerogen	 groups	 as	well	 as	 between	 the	 different	 groups.	 Based	 on	 the	
results	obtained	in	this	study	area	measurement	is	recommended	to	be	a	more	accurate	











































































































































































































































































































































































The	study	of	organic	matter	 is,	according	 to	Tyson	(1995),	 focusing	on	 the	 interaction	
between	 the	 geosphere	 and	 the	 biosphere	 and	 has	 proven	 to	 be	 fundamental	 in	 the	









problem	 is	 that	 some	 common	 organic	 constituents,	 woody	 debris	 and	 amorphous	
organic	 matter,	 disintegrate	 easily	 both	 during	 natural	 transport	 and	 laboratory	
processing,	potentially	 leading	 to	 serious	over-representation	 in	point	 count.	Accurate	







takes	 into	 account	 that	 visual	 estimation	 can	 introduce	 more	 errors,	 all	 the	 area	
measurement	analysis	is	therefore	done	recurring	to	photographs	of	the	fields	of	view.		
The	project	involves	estimation	of	relative	proportions	of	organic	particles	in	twenty-nine	










Bergen,	 under	 the	 FORCE	 initiative.	 The	 project	 focuses	 on	 the	 Early	 Carboniferous	
biostratigraphy	of	the	Barents	Sea.	Dating	and	reliable	correlation	tools	are	essential	in	
every	 aspect	 of	 geological	mapping	 and	 palaeogeographic	 reconstructions.	 The	 larger	
project	is	aimed	at	dating	and	correlating	the	clastic	Mississippian	(Early	Carboniferous)	








	According	 to	 the	 NPD	 (2016),	 the	 amount	 of	 standard	 cubic	meters	 of	 oil	 equivalent	
related	to	sub	Triassic	undiscovered	resources	in	the	North-	and	Norwegian	Sea	is	very	
small.	However,	there	is	a	considerable	amount	of	recoverable	undiscovered	resources	of	
Sub	 Triassic	 age	 in	 the	 Barents	 Sea.	 Gaining	 a	 better	 understanding	 of	 the	 early	
Carboniferous	succession	can	be	beneficial	for	future	hydrocarbon	exploration	(Fig.	1.1).		
The	 clastic-dominated	 Mississippian	 succession	 in	 the	 Barents	 Sea	 area	 contains	














where	 the	 area	 of	 each	 particle	 is	 measured	 in	 pixels	 through	 image	 analysis	 in	 the	
photographed	field	of	view,	using	the	software	ImageJ.	The	software	is	not	automatic,	and	


















term	 introduced	 by	 Tschudy	 in	 1961,	 to	 include	 all	 acid-resistant,	 organic-walled	





The	material	 studied	 in	 this	 thesis	 is	 of	 Tournaisian	 and	 Visean	 age.	 The	 Barents	 Sea	
region	moved	from	around	15	°	to	40	°	north	during	the	Carboniferous,	crossing	several	










Spores	are	unicellular	 reproductive	parts	of	 lower	vascular	plants	 such	as	Bryophytes	
(mosses)	and	Pteridophytes	(ferns)	(Jansonius	and	McGregor	1996;	Traverse,	2007).	Like	
other	palynomorphs,	 spores	are	 classified	based	on	morphology.	 Spores	of	most	plant	
groups	are	formed	in	fours,	‘tetrads’.	According	to	the	tetrads	configuration,	a	single	spore	
will	typically	show	a	mark	indicating	where	it	was	in	contact	with	the	other	members	of	










to	 degradation	 during	 transport	 and	 diagenesis	 (Traverse,	 2007).	 Palynomorphs	 are	
useful	 index	 fossils	 due	 to	 their	 high	 diversity,	 rapid	 evolution	 and	 widespread	
distribution.	Also,	they	are	the	only	fossil	group	that	can	be	used	to	correlate	both	marine	






Muller	 (1959)	 discovered	 that	 studying	 the	 particulate	 organic	matter	 (POM)	 such	 as	
palynomorphs,	 cuticles	 or	 woody	 tissue	 present	 in	 organic	 rich	 sedimentary	 rocks,	
remaining	 after	 palynological	 preparations,	 could	 provide	 valuable	 information	 in	 the	
interpretation	 of	 facies,	 as	 well	 as	 palaeoenvironmental	 and	 palaeogeographic	
reconstruction	(Muller,	1959;	Tyson,	1993,	1995;	Batten	and	Stead,	2005).		
Muller’s	 work	 on	 the	 correlation	 between	 the	 distribution	 of	 palynomorphs	 and	
depositional	 facies	 led	 Combaz	 to	 introduce	 the	 concept	 of	 palynofacies	 as	 an	 area	 of	
















bitumen.	Kerogen	 includes	both	 terrestrial	 and	marine	derived	OM	and	will	 therefore	






have	been	developed,	and	may	be	applied	 in	this	work,	but	 it	 is	 important	to	choose	a	
classification	 scheme	 which	 provides	 information	 about	 all	 the	 variables	 needed	 to	
respond	 to	 the	main	aims	of	 the	study	(Mendonça,	Filho	et	al.,	2012).	 In	 the	 following	




He	 divided	 the	 organic	matter	 into	 two	 categories;	 ‘primary	materials’	 and	 ‘modified	
materials’	 (Tyson,	 1995).	 Primary	materials	 comprise	 cuticles,	 sporomorphs,	 lignified	
wood	 fragments,	 charcoal,	 resins,	 freshwater	 phytoplankton	 and	 marine	 organisms	
(Tyson,	1995).	The	second	group	included	‘unorganized	amorphous	sapropelic’	material	
which	 is	 commonly	 known	 as	 amorphous	 organic	 matter	 (AOM),	 ‘platey	 translucent	
brittle	 amber’	 and	 reworked	 ‘platey	 nearly	 inert	 modified	 cuticular	 remains’	 (Tyson,	
1995).	 This	 classification	 scheme	also	distinguishes	 ‘thermal	 transformation	products’	
(heat-darkened	particles	analogous	to	the	other	materials)	(Tyson,	1995).	A	big	flaw	with	












in	 reflected	 light	 is	 generally	 agreed	 upon,	 the	 problem,	 however,	 is	 for	 the	 non-
palynomorph	 components.	 They	 distinguished	 between	 palynomorphs	 and	 non-
palynomorph	components	in	their	scheme.	The	non-palynomorph	group	divides	between	
structured	 organic	 matter	 (STOM)	 and	 unstructured	 organic	 matter	 (USTOM).	 STOM	
includes	phytoclasts	and	zooclasts,	while	USTOM	comprises	amorphous	organic	matter	











particulate	 organic	 components	 into	 three	 main	 categories	 that	 can	 be	 recognised	 in	
transmitted	 white	 light	 microscopy	 presented	 in	 figure	 1.2.	 The	 palynomorph	 group	
includes	 organic-walled	 constituents	 that	 can	 endure	 palynological	 preparation,	 the	
phytoclast	group	includes	structured	organic	matter	derived	from	higher	plants	or	fungi,	
and	the	amorphous	organic	matter	(AOM)	group,	which	refers	to	all	structureless	matter	










Figure	 1.	 2:	 Correlation	 between	 published	 kerogen	 classification	 after	 Tyson	 (1993)	 and	 Bujak	 et	 al.	 (1977).	 The	






















































Figure	 1.	 4:	 Illustration	 of	 the	 relationship	 between	 kerogen	 type,	 spore	 colour,	 hydrocarbon	 generation	 and	
temperature.	(Modified	from	Bujak	et	al.	1977).	TAI	–	Thermal	alteration	index.	T	–	Temperature.	
	
The	original	 classification	divides	 the	kerogen	 into	 four	groups	based	on	morphology:	




























































be	 an	 important	 location	 for	

















The	 Barents	 Shelf	 can	 be	 divided	 into	 two	 main	 geological	 provinces,	 the	 western	
province	 is	 dominated	 by	 several	 smaller	 basins	 and	 platforms,	 while	 the	 eastern	
province	 is	 made	 up	 of	 two	 large	 basins	 known	 as	 North-	 and	 South	 Basin	 (Fig.2.2)	
(Faleide	et	al.,	1984;	Worsley,	2008).	As	mentioned	in	chapter	1.1	there	are	considerable	
amounts	of	recoverable	undiscovered	resources	of	sub-Triassic	age	in	this	area.	Gaining	


































vegetation.	 The	 fauna	 and	 flora	 developed	 immensely	 in	 the	 transition	 between	 the	
Devonian	 and	 Carboniferous.	 Typical	 huge	 forests	 with	 lycopodiophytes	 and	
euphyllophytes	such	as	spermatophytes	and	ferns	developed	during	the	Carboniferous	
(Willis	 and	McElwain,	 2014).	As	 described	 in	 chapter	 1.2,	 it	was	 the	 remains	 of	 these	





from	 around	 15	 °	 to	 40	 °	 north,	 crossing	 several	 climatic	 zones.	 These	 changes	 in	
paleolatitudes	and	paleoclimates	are	reflected	in	the	sedimentological	succession	and	the	
palynological/paleobotanical	record.	Accordingly,	the	study	of	these	records	can	provide	






















the	basins	 are	NNW-SSW	oriented	and	 follow	older	 “Caledonian”	basement	 structures	
(Pickard	et	al.,	1996;	Samuelsberg	&	Pickard,	1999;	Worsley	et	al.,	2008).	The	structure	
of	 these	 tectonic	 depressions	 varies	 from	 large,	 deep	 basins	 during	 the	 early	




Sea.	This	development	reflects	 the	changes	 in	crustal	movement,	climate	and	sea	 level	
changes	 during	 this	 period,	 which	 resulted	 in	 distinctive	 deposits.	 The	 early	
Carboniferous	sandstones,	shales,	local	coals	and	conglomerates,	are	followed	upwards	














succession	 was	 first	 described	 by	 Cutbill	 &	 Challinor	 in	 1965.	 The	 deposition	 of	 this	
succession	started	during	the	Upper	Devonian	and	continued	during	the	Tournaisian	and	










conglomerates	 (Fig.	 2.5)	 (Mørk	 et	 al.	 1999).	 Following	
upwards,	 a	 stratigraphic	 break	 separating	 the	 Triungen	
Member	 from	 the	 overlying	 Hoelbreen	 Member	 was	
recognized,	mainly	due	to	palynological	data	(Nøttvedt	et	al.,	
1992).	 Playford	 (1962,	 1963)	 described	 two	 different	
palynomorph	 assemblages	 within	 the	 formation	 that	 was	








mudstones,	 interbedded	 with	 thin	 sandstone	 layers,	 coals,	


















































































































first	 phase	 is	 to	 chemically	 dissolve	 the	 minerals	 of	 the	
matrix	 in	 the	 sample,	 so	 that	 the	 organic	 matter	 can	 be	
extracted,	 and	 the	next	 step	 includes	 the	oxidation	of	 the	
material	 so	 that	 it	 can	be	better	 identified	 in	 transmitted	
light	 microscopy	 (Jansonious	 and	 McGregor,	 1993;	
Traverse,	2007).	In	this	study	two	sets	of	slides	were	made:	
one	set	of	kerogen	slides	and	one	set	of	palynological	slides.	
The	 first	 was	 used	 in	 this	 thesis	 where	 the	 total	 organic	
matter	in	the	slide	is	studied	without	altering	the	chemical	
and	physical	properties	of	the	material.	The	second	set	of	
slides	were	used	 in	 the	 larger	palynostratigraphic	project	
referred	 to	 in	 chapter	 1.1.	
	
The	first	step	in	the	preparation	process	is	to	clean	the	surface	of	the	material;	this	can	be	














is	 neutralized	by	using	distilled	water	 to	 remove	 all	 acid.	 	 The	next	 step	 is	 to	 remove	
Silicates	and	for	this	purpose	HF	is	used.	Again,	the	sample	is	neutralized	using	distilled	
water,	 it	 is	 especially	 important	 that	 this	 is	 done	with	 great	 care,	 as	 HF	 is	 extremely	
corrosive	(Brown,	1960;	Doher,	1980;	Traverse,	2007).	
	
The	 final	 step	 is	 to	 sieve	 the	 sample	 at	
ideally	6-14	μm,	before	it	is	mounted	onto	
a	glass	slide	(Fig.	3.3).	





to	 aid	 the	 observation	 of	 palynomorphs,	
none	of	which	was	done	on	the	slides	used	
in	 this	 study.	 The	 treatments	 mentioned	
above	 could	 potentially	 break	 down	 or	
destroy	 the	 organic	 matter,	 and	 are	
therefore,	 never	 performed	 on	 kerogen	




















5s	 camera	mounted	 to	 a	 Zeiss	 Axioplan	 transmitted	
light	microscope	(Fig.	3.4).	The	images	of	the	organic	
matter	 were	 obtained	 using	 the	 Zeiss	 Zen	 software	
(2012,	 blue	 edition).	 A	 40x	 objective,	 giving	 a	 400x	
magnification	was	used	for	all	images.		
A	 Leica	 fluorescence	microscope	with	 orthoplan	 UV	
light	was	also	used	to	analyse	the	slides	(Fig.3.5).	This	
was	 done	 on	 all	 the	 frames	 analysed	 in	 this	 study,	
mainly	to	distinguish	pseudoAOM	from	AOM,	as	AOM	
is	 of	 bacterial	 or	 algal	 origin	 and	 will	 therefore	









































































































Table	 3.	 1:	 Illustration	 of	 how	 point	 counting	was	 carried	 out	 in	 frame	 10	 from	 slide	 BJ42	
(Fig3.6).	How	the	results	were	plotted	in	Excel	is	shown	for	frame	10	to	14	in	slide	BJ42.		The	
table	 also	demonstrates	 how	 the	 relative	 amounts	 of	 each	 kerogen	 group	was	 calculated	by	
dividing	the	counts	for	a	kerogen	group	(A)	on	the	total	counts	in	the	frame	(B),	this	number	






The	 Russian	 sedimentologist	 Shvetsov	 stated	 as	 early	 as	 1954	 that	 people	 tend	 to	
overestimate	 when	 using	 visual	 estimation	 methods	 (Terry	 and	 Chilingar,	 1955).	
Shvetsov	published	a	study	where	fellow	geologists	were	asked	to	visually	estimate	the	
percentages	of	a	variety	of	elements	in	unmarked	sections	(Terry	and	Chilingar,	1955).	







both	 Trinity	 College,	 Dublin	 and	 UiB	were	 asked	 to	 estimate	 the	 relative	 area	 of	 five	





persons	 estimate	 relative	 proportions.	 For	 both	 pink	 and	 yellow,	 there	 is	 25	%	 range	
interval	 that	 differs	 from	 the	
highest	to	the	lowest	answer.	This	
preliminary	study	illustrates	how	






















For	 the	measurements	 of	 relative	 areas	 in	 the	 photographed	 frames,	 the	 open	 source	
image	analysis	software	ImageJ	was	downloaded	and	used	(https://imagej.nih.gov/ij/).	



















































































à	 Change	 the	 brightness	 until	
the		
coverage	 of	 the	 area	 to	 be	
measured		













































6. Press	 the	 “wand	 (tracing	 tool)”	on	 the	 task	bar	 (Marked	with	a	 red	 square	Fig.	
3.15).	Then	click	on	the	object/objects	that	is	to	be	measured.	A	yellow	border	will	
appear	around	the	chosen	object/objects	as	illustrated	in	figure	3.16.	To	measure	


























The	 values	 from	 the	 area	measurement	 (Fig.	 3.17)	was	 copied	 and	 added	 to	 an	 excel	

























part	 of	 the	 pre-study	 at	 Trinity	 College,	 Dublin.	 The	 images	 for	 that	 assessment	 was	
photographed	 with	 a	 Nikon,	 DXm1200C	 digital	 camera	 connected	 to	 a	 Nikon	 Eclipse	
transmitted	 light	microscope	with	a	50	x	objective	 lens.	 Since	 the	 camera	used	 in	 this	
study	had	a	40	x	objective	lens	the	process	was	repeated,	to	eliminate	any	sources	of	error	
that	could	be	related	to	the	magnification	of	the	images.		Cumulative	curves	(Figs.	3.20,	






























































































category,	 together	with	 the	 standard	deviation	 is	presented	 in	 the	appendix.	The	 total	
average	values	for	each	category	have	been	plotted	in	a	pie	chart,	see	figure	4.1.	When	










































Based	on	 the	 same	set	of	29	 samples	and	 the	 same	1789	 frames,	 the	 relative	area	 (in	
pixels)	covered	by	each	kerogen	group	was	measured	and	calculated	using	 the	 ImageJ	
software.	 As	 explained	 previously,	 only	 the	 areas	 recognized	 by	 the	 software	 were	
measured,	excluding	some	background	debris	that	the	software	could	not	identify	due	to	
the	 lack	of	contrast	between	the	object	and	the	background.	Overlapping	particles	and	




































When	comparing	the	average	values	 from	the	two	pie-charts	 in	 figures	4.1	and	4.2	 for	
each	category,	almost	no	difference	in	the	values	are	observed.	 	The	greatest	change	is	
seen	 in	 the	 amorphogen	 category	where	only	 a	2%	difference	 is	 observed	 in	 the	 area	
measurement	 between	 the	 two	 methods.	 For	 pseudoAOM	 and	 hylogen,	 only	 1	 %	
difference	are	seen	between	the	two	methods.	As	discussed	previously,	the	study	of	the	
total	 statistical	 parameters	 for	 both	 methods	 are	 not	 the	 best	 way	 to	 compare	 the	
methods.	 Much	 of	 the	 information	 can	 be	 concealed	 and	 that	 can	 lead	 to	 erroneous	




























































from	 the	 point	 counting	 versus	 the	 area	measurement.	 A	 total	 of	 41	%	 of	 the	
palynological	slides	falls	within	this	group	which	comprehend	the	following	slides:	
BJ002,	 BJ004,	 BJ014,	 BJ018,	 BJ032,	 BJ034,	 BJ036,	 BJ038,	 BJ040,	 BJ046,	 BJ052,	




point	 counting	 and	 area	 measurement.	 Group	 3	 comprehend	 the	 following	
palynological	slides:	BJ010,	BJ012,	BJ016,	BJO22,	BJ048,	BJ054,	BJ058,	which	is	24	




• Group	 4:	 Palynological	 slides	 showing	 a	 difference	 in	 the	 results	 between	 area	
measurement	 and	 point	 counting	 exceeding	 9	 %.	 The	 group	 comprehend	 the	


























































tested	methods.	All	slides	 in	 this	group	are	presented	 in	 table	4.3	(page	59).	BJ38	was	
chosen	 to	 be	 analysed	 as	 a	 representative	 for	 group	 2	 due	 to	 the	 well	 demonstrated	
variation	in	the	material.	This	slide	does	not	show	any	significant	difference	between	the	
two	methods,	the	greatest	difference	observed	is	3	%	in	the	pseudoAOM	kerogen	group,	

















































































demonstrated	 by	 the	 results	 from	 the	
analysis	 of	 frame	 24	 in	 slide	 BJ24,	




particles	 were	 very	 small	 and	 scattered	
through	 the	 frame.	 As	 explained	 in	 sub-	
chapter	 3.8	 particles	 are	 included	 only	
when	they	were	recognized	by	the	ImageJ	

































































As	 stated	 previously	 Hylogen	 is	 one	 of	 the	 five	 kerogen	 groups	 showing	 the	 largest	
































When	 comparing	 figures	 4.13	 and	 4.14,	 the	 peaks	 with	 low	 SD	 relative	 to	 the	 point	
count/area	measurement	seems	to	coincide,	but	with	an	additional	3	peaks	of	slides	with	








The	 largest	difference	recorded	 in	 this	dataset	between	the	 two	methods	 for	 the	same	
slide	is	recorded	in	slide	BJ24	which	was	presented	in	group	4.	In	this	slide,	there	is	a	17	
%	difference	between	point	 counting	and	area	measurement	 for	hylogen,	 as	 shown	 in	
figure	4.3	and	 tables	4.1	and	4.2	Within	a	 single	 frame	 there	 can	be	as	much	as	50	%	
difference	between	the	two	methods	(BJ24,	frame	24,	page	65).	As	previously	described	


























measurement	with	 adjacent	 SD	 values	 for	 this	 kerogen	 group.	 The	Values	 of	 both	 the	
phyrogen	 and	 SD	 are	 close	 to	 identical	 in	 both	 methods.	 The	 slides	 showing	 some	
difference	between	 the	 two	methods	are:	BJ12,	BJ16,	BJ32,	BJ36,	BJ40,	BJ52,	BJ54	and	
BJ56,	where	the	maximum	difference	measured	was	5	%	between	the	two	methods.		





























































when	 the	 area	 measurement	 method	 was	 applied	 (Fig.4.1	 and	 4.2).	 The	 two	 column	





























According	 to	 Bujak	 et	 al.	 (1977)	 the	 different	 types	 of	 organic	 matter	 particles	 in	
sedimentary	rocks	will,	to	some	extent,	affect	the	hydrocarbon	production	from	the	rock	








with	 a	 vertical	 column.	 The	 samples	 BJ02-BJ58	 are	 listed	 stratigraphically	 to	 the	 left.		
When	 comparing	 the	 two	 charts,	 it	 does	 not	 appear	 to	 be	 any	 substantial	 difference	
between	the	two	methods,	as	the	overall	trend	is	similar.	Regardless	of	the	method	used,	
hylogen	and	pseudoAOM	are	the	dominant	organic	matter	groups	observed.	Hylogen	and	
pseudoAOM	seem	to	be	 the	dominant	kerogen	groups	 for	 the	Hoelbreen	Member	(Fig.	
75	
	





































to	 clarify	whether	 the	measurement	 of	 relative	 area	 based	 on	 image	 analysis	 is	more	
accurate	than	point	counting.	Which	of	the	two	methods	is	more	effective,	and	which	of	




























diagram	 combines	 the	 results	 presented	 in	 the	 pie	 charts	 in	 figures	 4.1	 and	4.2	 (Sub-
chapters	4.1	and	4.2).	This	was	somewhat	surprising	as	the	hypothesis	based	on	the	pre-
study	considered	the	measurement	of	relative	areas	based	on	image	analysis	to	be	a	more	
accurate	method	 compared	 to	point	 counting	 for	 estimation	of	 relative	proportions	of	




value	of	 the	 entire	 succession	will	 therefore	not	 give	 a	 representative	 result	 since	 the	





displayed	 a	 larger	 spread	 in	 the	 results,	 indicating	 that	 with	 a	 more	 densely	 spaced	

























have	 been	 excluded.	 Amorphogen	 only	 counts	 for	 3-4	 %	 of	 the	 total	 OM	 content,	












By	observing	the	results	displayed	in	 figure	4.7,	 it	 is	clear	that	the	size	of	 the	particles	
























































was	 its	 resemblance	 to	 the	 algae	Botryococcus,	which	were	 common	 in	 several	 of	 the	















the	 best	 approach	when	 trying	 to	 determine	 the	 actual	 composition	 of	 a	 sample.	 The	
varying	sizes	within	the	different	kerogen	groups	are	simply	too	significant	for	all	of	them	
to	be	counted	the	same	way,	regardless	of	size.	One	of	the	limitations	regarding	the	area	






In	 the	 efforts	 of	 working	 towards	 an	 automated	 point	 count,	 where	 software	 is	








research	 performed	 on	 comparing	 these	methods,	 can	 be	 a	 challenge,	 as	 there	 are	 no	
studies	to	compare	the	achieved	results	with.	The	findings	in	this	study	are	therefore	only	

























Batten	 (1982)	 debated	 the	 importance	 of	 palynofacies	 analysis	 as	 a	 tool	 to	 identify	
potential	hydrocarbon	source	rocks.	He	also	pointed	out	the	importance	of	palynofacies	
results	being	confirmed	by	geochemical	data,	such	as	TOC	(total	organic	carbon)	and	HI	





As	 noted	 earlier,	 no	 marine	 indicators	 were	 recorded	 throughout	 the	 study,	 this	
observation	is	supported	by	the	palynological	analysis	obtained	from	the	same	samples	




previously	 stated	 that	 one	 of	 the	 reasons	 for	 choosing	 the	 classification	 scheme	 after	
Bujak	et	al.	(1977)	was	the	relatively	simple	classification,	which	does	not	depend	upon	
the	analyst’s	experience.	For	future	work	palynomorphs	indicative	of	certain	facies	should	
be	 added	 to	 the	 scheme	 as	 sub-groups	 or	 even	 a	 new	 group	 as	 was	 the	 case	 for	
pseudoAOM	in	this	study.	A	fluorescence	microscope	was	used	to	confirm	observations	of	
Botryococcus	 in	 all	 the	 slides.	 In	 this	 process,	 all	 occurrences	 of	 Botryococcus	 were	
identified	visually,	and	these	observations	reflects	the	results	presented	by	Abdullah	et	al.	



















The	Hoelbreen	Member	was	 dominated	 by	 hylogen	 and	 pseudoAOM,	 hylogen	 is	most	
likely	in	this	case	gas	prone	(Fig.	5.3).	PseudoAOM	is	more	difficult	to	interpret,	because	
it	 is	 not	 included	 in	 the	 scheme	 after	 Bujak	 et	 al.	 (1977).	 Since	 pseudoAOM	 is	 either	
derived	from	hylogen	or	phyrogen	it	is	assumed	that	the	kerogen	group	will	plot	not	far	
from	its	precursor,	and	is	therefore	interpreted	to	be	gas,	possibly	oil	prone.		
The	 Birger	 Johnsonfjellet	 Member	 is	 dominated	 by	 pseudoAOM	 and	 to	 some	 extent	
phyrogen.	 These	 observations	 are	 confirmed	 by	 Abdullah	 et	 al.	 (1988)	who	 noted	 an	
increased	Botryococcus	 occurrence	 in	 the	 Birger	 Johnsonfjellet	Member.	 Based	 on	 the	















For	 this	 study,	 and	 studies	 of	 its	 kind,	material	 not	 recognized	 by	 the	 software	 is	 not	
included	although	some	slides	did	contain	a	lot	of	debris	not	accounted	for.	This	can	lead	
to	inaccurate	interpretation	of	the	samples.	
Another	uncertainty	 in	 this	 type	of	 analysis	 is	 the	 subjectivity	of	 the	analyst.	This	will	
probably	 not	 affect	 the	 testing	 of	 the	 methods,	 if	 the	 analyst	 is	 consistent,	 but	
misinterpretations	could	e.g.	affect	the	source	rock	analysis.	That	is	why	calibrating	the	
observations	with	geochemical	data	is	highly	recommended	(Batten,	1982).	The	analyst	










preparation	 technique.	 The	 palynological	 processing	 technique	 can	 affect	 the	 any	
palynological	 analysis	 (see	 for	 example	 Wood	 et	 al,.	 1996).	 As	 stated	 previously	 the	
samples	 analysed	 in	 this	 study	were	 processed	 using	 standard	 palynological	 kerogen	
preparation	 techniques	 after	 Doher	 (1980).	 This	 is	 a	 standardized	 method,	 and	 as	
explained	 by	 Wood	 et	 al.	 (1996),	 each	 laboratory	 develops	 its	 own	 techniques	 often	
depending	on	available	lab	equipment,	mounting	material,	as	well	as	their	sterility	and	
routines	in	order	to	avoid	contamination	(Wood	et	al.,	1996).	One	potential	issue	is	how	

































































• The	relatively	high	standard	deviation	values	 for	all	kerogen	groups	 indicates	a	
great	spread	in	the	size,	and	number	of	organic	matter	particles.		
• The	findings	 from	this	study	suggests	that	area	measurement	 is	a	more	reliable	
method	for	palynofacies	analysis	than	point	counting	based	on	the	relatively	large	






assessment	 suggests	 that	 the	 Hoelbreen	 Member,	 dominated	 by	 hylogen	 and	
pseudoAOM	is	mainly	gas	prone.	While	the	Birger	Johnsonfjellet	Member	which	
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